Abstract. In this paper we obtain new characterizations of upper and lower 0-quasicontinuous multifunctions and investigate several properties of such multifunctions.
Introduction
In 1963, Levine [14] introduced the notion of semi-continuity in topological spaces. Arya and Bhamini [4] introduced the notion of 0-semi-continuity as a generalization of semi-continuity. Recently, Noiri [19] and Jafari and Noiri [12] have further investigated properties of 0-semi-continuity. The present authors [23] introduced and studied 0-quasicontinuous multifunctions.
In this paper we shall obtain new characterizations of upper /lower 0-quasicontinuous multifunctions and investigate several further properties of such multifunctions.
Preliminaries
Throughout the present paper, (X, r) and (Y, cr) (or simply X and Y) always represent topological spaces. Let A be a subset of X. The closure of A and the interior of A are denoted by C1(A) and Int(A), respectively. A subset A is said to be regular closed (resp. regular open) if Cl(Int(j4)) = A (resp. Int(Cl(>l)) = A). The 6-closure of A, denoted by Cle(-A), is defined to be a set of all x 6 X such that C1(V) flA ^ 0 for every open set V containing x. If A = C\e{A), then A is said to be 6-closed [27] . The complement of a 0-closed set is said to be 9-open. The union of all 0-open sets contained in A is called the 0-interior of A and is denoted by Intg(i4). It is shown in [27] that Clfl(V) = C1(F) for every open set V of X and CI e (S) is closed in X for every subset S of X. A subset A of (X, r) is said to be S-open [27] 
if for each x € A there exists a regular open set G of X such that x € G C A.
A point x € X is called a ¿-cluster point of a subset A of X if Int(Cl(V)) f\A ^ 0 for every open set V containing x. The set of all ¿-cluster points of A is called the S-closure of A and is denoted by Cli(A). If A = Cli(A), then A is said to be S-closed [27] . For a topological space (X, T), the family of all ¿-open sets of (X, r) forms a topology for X which is weaker than r. This topology has a base consisting of all regular open sets in (X, r). It is called the semiregularization of r and is usually denoted by T S . DEFINITION 
The family of all semi-open (resp. preopen, a-open, /3-open) sets in X is denoted by SO(X) (resp. PO(X), a(X), 0(X) or SPOpO). [7] (resp. preclosed [10] , en-dosed [17] , /3-closed [1] or semi-preclosed [3] ). DEFINITION 2.3 . The intersection of all semi-closed (resp. preclosed, aclosed, /3-closed) sets of X containing A is called the semi-closure [7] (resp. preclosure [10] , a-closure [17] , (3-closure [2] or semi-preclosure [3] ) of A and is denoted by sCl(A) (resp. pCl(^), aCl(^), pCl(A) or spCl(A)). DEFINITION 2.4 . A subset A of a topological space (X, R) is said to be semiregular [8] if it is semi-open and semi-closed. The family of all semi-regular sets of (X,T) is denoted by SR(X).
The semi-6-closure of A, sCle(A), and the semi-d-interior of A, slnte(A), are defined in [9] as follows:
}, where SO(X, x) = { U : x e U and U e SO(X)}.
A subset A is said to be semi-6-closed if = sCle(A 
Cheu-acterizations THEOREM 3.1. For a multifunction F : (X,r) -> (Y, a), the following properties are equivalent:
(1) F is upper 6-quasicontinuous; (1) F is lower 0-quasicontinuous;
Proof. The proof is similar to that of Theorem 3.1 and thus is omitted. (1) / is 6-semi-continuous;
. For a multifunction F : (X, R) -• (Y, a), the following properties are equivalent:
(1) F is upper 6-quasicontinuous;
(2) =*> (3): Let G be any preopen set of Y. Then G C Int(Cl(G)) and hence we have sCle(
(3) =>• (4): Let G be any preopen set of Y. Then by (3) we have (1) F is lower 6-quasicontinuous;
Proof. The proof is similar to that of Theorem 3.3. By Theorems 3.3 and 3.4 we obtain new characterizations for 0-semicontinuous functions.
COROLLARY 3.2. For a function f(X,r) -> (Y, a), the following properties are equivalent:
(1) / is 6-semi-continuous; 
that for every open sets V of Y, F+{V) = G+(V) C sIntfl(G + (Cl(V))) = slntg{F + (Cl(V))).
It follows from Theorem 2.1 that F is upper 0-quasicontinuous. THEOREM 
Let F : (X, r) -> (Y, a) be a multifunction such that F(x) is a-regular and a-paracompact for each x G X. Then the following properties are equivalent: (1) F is lower 6-quasicontinuous; (2) C1(F) is lower 6-quasicontinuous; (3) sCl(F) is lower 6-quasicontinuous; (4) pCl(F) is lower 6-quasicontinuous; (5) aCl(F) is lower 6-quasicontinuous; (6) PCI(F) is lower 6-quasicontinuous.
Proof. The proof is similar to that of Theorem 3.5 and is thus omitted. (
1) If A is open, then Cl^A) = Cl(-A). (2) If A is closed, then Intj(^4) = Int(yl).
Proof. (1) is known in [27] and (2) follows obviously from (1). LEMMA 
Let (X, r) be a topological space. Then aCl(V) = C1(V) for every V € SO(X) and hence aCl(V) = C1(V) for every V € a(X)
Proof. For any V e SO(X), we have C\(V) = Cl(Int(F)) and hence aCl(V) = V U Cl(Int(Cl(y))) = V U Cl(Int(Cl(Int(y))))
= v u ci(int(y)) = v u a(v) = ci(v).

THEOREM 3.7. For a multifunction F : (X,T) -> (Y,a), the following properties are equivalent:
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(1) F : (X,T) -• (Y,A) is upper 6-quasicontinuous; (2) F : (X,T) -> (Y,A S ) is upper 6-quasicontinuous; (3) F : (X,r) -> (Y,a a ) zs upper 6-quasicontinuous, where o a = a(Y).
Proof. (1 
THEOREM 3.8. For a multifunction F : (X,T) -> (Y, A), the following properties are equivalent: (1) F : (X,T) -> (y, <r) is lower 6-quasicontinuous; (2) F : (X,T) -• (Y,cr s ) is lower 6-quasicontinuous; (3) F : (X, r) -> (Y, o a ) is lower 6-quasicontinuous, where a a = a(Y).
Proof. The proof is similar to that of Theorem 3.7. 
LEMMA 4.4 (Jafari and Noiri [12]). Let (X,r) be an extremally disconnected space and A a subset of X. Then A is semi-regular if and only if it is clopen.
Let (X, t) be a topological space. The quasi-topology on X is defined as the topology having as a base the clopen subsets of (X, r) and is denoted by T q [25] . The open (resp. closed) set of (X,T g ) is said to be quasi-open (resp. quasi-closed). Every quasi-closed set is 0-closed and every 0-closed set is semi-0-closed. 
THEOREM 4.3. If (Y, a) is a Urysohn space and F : (X, r) -> (V, a) is an upper 6-quasicontinuous multifunction such that F(x) is a compact set of (Y,a) for each x € X, then the set A = {{x\,x 2 ) : ^(^l) l~l F(x 2 )
0} is semi-Q-closed in the product space X x X. Since Cl(Fi)n C\(V 2 ) -0 then we have y G C1(F) and hence F(sCl(f/)) c C1(F). Therefore F is upper 0-quasicontinuous.
